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0 Programmable controller and SFC program executing method using the programmable controller. 



© The present invention provides a programmable 
controller for executing an SFC program. The prog- 
rammable controller has a memory (3) which stores 
a step trace program for storing and tracing a history 
of execution statuses of active steps of a plurality of 
blocks (B) of an SFC during execution of the SFC 
program. The step trace program comprises a step 
trace setting subprogram (21) which, through the use 
of a peripheral device, synchronously traces the 
execution statuses of the active steps of the plurality 
of blocks. The step trace program further comprises 
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a step trace execution subprogram (31) which cre- 
ates step trace data based on the execution statuses 
of active steps traced by the step trace setting 
device. The programmable controller further com- 
prises a step trace display device (28) for displaying 
the step trace data. Hence, an operator can simulta- 
neously view the execution status of active steps of 
a plurality of blocks of the SFC to thereby determine 
which active steps have been executed at any given 
time. 
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BACKGROUND OF THE INVENTION 

Field of the Invention : 

The present invention relates to a program- 
mable controller for executing, as a user program, 
an SFC (Sequential Function Chart) program writ- 
ten in an SFC language, that is, a stepwise ad- 
vance-type language, and to a method for execut- 
ing the SFC program using the programmable con- 
troller. 

Description of the Related Art : 

Programmable controllers exist in the art which 
are capable of executing SFC programs. In such 
apparatuses, the SFC program is typically written 
into the programmable controller by a peripheral 
device. 

Fig. 14 is a block diagram illustrating a prog- 
rammable controller comprising a CPU 1 for ex- 
ecuting the SFC program, an input/output interface 
2 for transferring data to and from an object to be 
controlled and a peripheral device (both not 
shown), and a microprogram ROM for storing a 
microprogram acting as an operating system for 
controlling the CPU 1. The programmable control- 
ler further comprises a RAM 4 for storing executed 
steps during the execution of the SFC program, a 
RAM 5 for storing programs, and common bus 6 
for coupling the CPU 1, input/output interface 2, 
microprogram ROM 3. executed step storing RAM 
4 and the program storing RAM 5. 

Fig. 15 illustrates the contents of the micropro- 
gram in microprogram ROM 3. Block execution 
program 31 controls and executes all blocks (the 
blocks will be described later in detail), active step 
execution program 32 detects and executes the 
active steps of the blocks, and step trace execution 
program 33 traces the executed steps. The step 
trace execution program 33 comprises trigger step 
detection program 34 for detecting whether the 
executed step is a trigger step, after-trigger trace 
count program 35 for counting the number of 
traces so that traces are continued at the number 
of specified steps in order to trace steps executed 
after a trigger step, and executed step storage 
program 36 for causing the executed steps to be 
stored in the executed step storing RAM 4. 

Fig. 16 illustrates the contents of the executed 
step storing RAM 4. RAM 4 comprises step trace 
status data 41 indicating the execution state of the 
step trace, trigger step storage address data 42 
indicating an address where the trigger step is 
stored, executed step storage pointer data 43 in- 
dicating an address where a step to be executed 
next is stored, and an executed step storage table 
44 where the executed steps are stored. 



Fig. 17 shows an example of the SFC program. 
The SFC program, representing sequence control 
in a flow format, comprises a combination of steps, 
indicating particular operations, and transitions in- 
5 dicating transition conditions for advancing execu- 
tion from one step to another. A step being ex- 
ecuted is referred to as the active step. When its 
accompanying transition condition is enabled, the 
active step is deactivated and the execution shifts 

w to a subsequent step. 

In Fig. 17, for example, step 11 is associated 
with transition 12. A sequence of steps is repre- 
sented as a block 16, the first step in the block 
being the initial step and the final step being the 

75 end step. The block is activated by an activation 
request from another block and ends when execu- 
tion has progressed from the initial step 10 to the 
end step 15. A plurality of blocks can be activated 
and processed concurrently. The block activation 

20 request is provided by the execution of a block 
activation step, for example, block activation step 
13. The block activation step 13 is active while a 
block which the block activation step 13 activates is 
being executed, and is deactivated on the termina- 

25 tion of the activation of that block, at which time the 
execution shifts to a subsequent step. 

Fig. 18 illustrates an example of a step trace 
setting screen 91 on which blocks to be traced and 
corresponding trigger steps are set in a step trace 

30 setting for a conventional step trace function. Fig. 
19 illustrates a step trace display screen in a step 
trace display device in the peripheral device (not 
shown). The step trace stores a history of the 
execution of active steps, executed sequentially as 

35 the corresponding transition conditions are en- 
abled, and subsequently traces them on the dis- 
play of the peripheral device. 

Fig. 20 is a flowchart showing a sequence of 
operations wherein the programmable controller ex- 

40 ecutes the SFC program loaded from the periph- 
eral device (not shown) and simultaneously stores 
the active steps of the specified blocks. The opera- 
tion of the conventional apparatus will now be de- 
scribed. 

45 On a step trace setting screen 91 shown in Fig. 

18, the blocks to be step-traced are set in the 
block section. In this figure. B1 , B2 and B3 repre- 
sent block 1, block 2 and block 3, respectively. 
Because a plurality of blocks can be activated 

so concurrently, a plurality of blocks to be traced can 
be set. In the trigger step section, steps which 
cause the step trace of the corresponding blocks to 
be executed are set. Here SO to S7 represent steps 
0 to 7. 

55 After a trigger step for a particular block has 

been executed, the CPU traces the set number of 
steps (not shown), and the execution history of the 
preceding and succeeding steps in reference to 
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that trigger step can be traced and displayed by 
the peripheral device as shown on the step trace 
display screen 92 in Fig. 19. 

Fig. 21 illustrates an example of an SFC pro- 
gram 93 to be traced. In this program, blocks 1 , 2 
and 3 are activated concurrently by block 0 and the 
blocks activated are executed concurrently. Trace 
data is stored per block, and traced and displayed 
in reference to the respective trigger steps. The 
trace display of each block is provided with refer- 
ence to a scan in which the trigger step of each 
block is executed, and unless the trigger steps of 
the blocks are executed in the same scan, the 
trace displays of the blocks do not share a time 
axis. Therefore, when step 2 (S2) of block 1 (B1) is 
executed on the step trace display screen 92, step 
3 (S3) of block 2 (B2) is not always executed at the 
same time and thus, the synchronization of block- 
to-block step execution cannot be confirmed. 

Fig. 20 is a flowchart illustrating a sequence of 
operations of an SFC program known in the art. 

As shown in step 200, the number of active 
blocks to be processed by the block execution 
program 31 is read. Then, in step 201, the number 
of active steps to be executed by the active step 
execution program 32 is read. 

Subsequently, the active steps are read and 
executed in step 202. In step 203, it is determined 
whether the step trace status data 41 indicates that 
the step trace is before a trigger step (before- 
trigger status) or after a trigger step (after-trigger 
status). If the step trace status data 41 indicates 
the before-trigger. status, the processing pro- 
gresses to step 204 where the trigger step detec- 
tion program 34 determines whether the executed 
step is a trigger step. 

However, if the step trace status data 41 in- 
dicates the after-trigger status, in step 205, the 
after-trigger trace count program 35 counts the 
number of executed steps traced after the trigger 
step. When the after-trigger trace count program 
35 determines that all the executed steps after the 
trigger step have been traced, the step trace of the 
corresponding block is completed. 

When, in step 204, the executed step is deter- 
mined to be a trigger step, the step trace status 
data 41 is changed to the after-trigger status, and 
the trigger step storage address 42 is set to the 
address indicated by the executed step storage 
pointer data 43, which is the address of the ex- 
ecuted step. 

Subsequently, in step 206, the executed step 
number is stored in the executed step storage 
table 44 in the executed step storage RAM 4 by 
the executed step storage program 36 in coopera- 
tion with the executed step storage pointer 43. In 
step 207, it is determined if all the steps of the 
block have been executed. If not, the processing 



returns to step 202. and the above processing is 
repeated for the next step in the block. 

If, in step 207, it is determined that all the 
steps in a block are completed, the processing 
s proceeds to step 208. In step 208, it is determined 
whether all blocks are completed. If so, the pro- 
cessing ends. However, if all blocks are not com- 
pleted, the processing returns to step 201 and is 
repeated for the next block. 

10 As evident from the above, when the step trace 

of a corresponding block is completed, the history 
of the active steps executed has been stored into 
the executed step storage table 44 in the form of 
step numbers. The step stored at the address 

T5 indicated by the trigger step storage address data 
42 is the trigger step, and the step stored at the 
address indicated by the executed step storage 
pointer data 43 is the step executed on completion 
of the trace. This data stored in the executed step 

20 storage table 44 is read by the peripheral device, 
and the trigger step along with the active steps 
executed before and after that trigger step are 
displayed for each block as shown in Fig. 18. 

As described above, in the conventional prog- 

25 rammable controller (PC), the step trace for each 
block is begun when the corresponding trigger step 
for that block is executed. However, since the trig- 
ger steps of the blocks are not always executed 
simultaneously, the trace display cannot always be 

30 used to illustrate that a step of one block is being 
executed concurrently with a step of another block. 

For example, an advance/return operation of a 
transfer station and a rise/fall operation of a clamp 
in a transfer machine can be designated as blocks, 

35 respectively, and the steps of these operation 
blocks can be controlled concurrently in synchro- 
nization with each other. In the conventional PC 
described above, the operation status of these 
blocks cannot be displayed concurrently on a trace 

40 display screen. Hence, the execution of the steps 
cannot be confirmed by an operator viewing the 
display. 

SUMMARY OF THE INVENTION 

45 

Accordingly, it is an object of the present in- 
vention to overcome the above disadvantage of the 
conventional PC by providing a programmable con- 
troller which matches trigger timings between 

so blocks in the step trace execution of the SFC 
program to provide synchronized display of the 
steps in the blocks. 

To achieve this object, a programmable con- 
troller of a first embodiment of the present inven- 

55 tion comprises a step trace setting program which 
synchronously traces the execution statuses of the 
steps of a plurality of blocks specified by a periph- 
eral device. The controller further comprises a step 
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trace execution program which creates step trace 
data based on the execution statuses of the steps 
traced by the step trace setting program, and a 
step trace display for displaying the step trace data 
generated by said step trace execution program. 

A programmable controller of a second em- 
bodiment of the present invention comprises a syn- 
chronous block-to-block step trace setting program 
which synchronously traces the execution statuses 
of the steps of a plurality of blocks when a trigger 
step of a predetermined block is executed. The 
programmable controller further comprises a syn- 
chronous block-to-block step trace execution pro- 
gram which creates step trace data based on the 
execution statuses of the steps traced by the 
block-to-block step trace setting program, and a 
step trace display for displaying the step trace data 
generated by the synchronous block-to-block step 
trace execution program. 

A programmable controller of a third embodi- 
ment of the invention comprises a synchronous 
group step trace setting program which groups 
blocks to be synchronized, sets a trigger step for 
each group and traces the execution statuses of 
the steps in those groups. The programmable con- 
troller further comprises a synchronous group step 
trace execution program which creates step trace 
data based on the execution statuses of the steps 
traced by the synchronous group step trace setting 
program, and a step trace display for displaying 
the step trace data generated by the synchronous 
group step trace execution program. 

A programmable controller of a fourth embodi- 
ment of the invention comprises a joint trigger step 
trace setting program which synchronizes trigger 
steps of certain blocks, and synchronously traces 
the execution statuses of steps of other blocks 
when a trigger step of any block whose trigger step 
is of the joint trigger type is executed. The prog- 
rammable controller further comprises a joint trig- 
ger step trace execution program which creates 
step trace data based on the execution statuses of 
the steps traced by the joint step trace setting 
program, and a step trace display for displaying 
the step trace data generated by the joint step 
trace execution program. 

A programmable controller of a fifth embodi- 
ment of the invention comprises master/slave block 
joint activation step trace setting program which 
automatically synchronously traces the steps of 
sub blocks when triggered by a trigger step of a 
set block. The programmable controller further 
comprises a master/slave block joint activation step 
trace execution program which creates step trace 
data based on the execution statuses of the steps 
traced by the master/slave block joint activation 
step trace setting program, and a step trace dis- 
play for displaying the step trace data generated 



by the master/slave block joint activation step trace 
execution program. 

The present invention further provides an SFC 
program execution method for a programmable 

5 controller comprising a selection step in which a 
step trace menu is displayed which includes a 
plurality of step trace menu items, a step in which 
a menu item is selected, a step of creating step 
trace data based on the selected menu item, defin- 

io ing the execution status of active steps, and a 
display step in which the trace data is displayed. 
The displayed trace data represents a history of 
the execution statuses of active steps. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the 
invention will become more apparent and more 
readily appreciated from the following detailed de- 
20 scription of the presently preferred exemplary em- 
bodiments of the invention taken in conjunction 
with the accompanying drawings, of which: 

Fig. 1 is an illustration of a step trace setting 
screen according to an embodiment of the 
25 present invention; 

Fig. 2 is a further illustration of the step trace 
setting screen according to an embodiment of 
the present invention; 

Fig. 3 is an illustration of a synchronous block- 
30 to-block step trace setting screen according to 
an embodiment of the present invention; 
Fig. 4 is an illustration of a synchronous group 
step trace setting screen according to an em- 
bodiment of the present invention; 
35 Fig. 5 is an illustration of a joint trigger step 
trace setting screen according to an embodi- 
ment of the present invention; 
Fig. 6 is an illustration of a master/slave block 
joint activation step trace setting screen accord- 
40 ing to an embodiment of the present invention; 

Fig. 7 is an illustration of a step trace display 
screen according to an embodiment of the 
present invention; 

Fig. 8 shows a sequence of operations from 
45 step trace setting to display according to an 
embodiment of the present invention; 
Fig. 9 illustrates an example of the contents of a 
microprogram ROM in a PC according to a 
second embodiment of the present invention; 
50 Fig. 10 is a flowchart illustrating a sequence of 
operations wherein the active steps of specified 
blocks are stored concurrently with the execu- 
tion of an SFC program according to the second 
embodiment of the present invention; 
55 Fig. 11 is a flowchart illustrating a sequence of 
operations wherein the active steps of specified 
blocks are stored concurrently with the execu- 
tion of an SFC program according to a third 
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embodiment of the present invention; 
Fig. 12 is a flowchart illustrating a sequence of 
operations wherein the active steps of specified 
blocks are stored concurrently with the execu- 
tion of an SFC program according to a fourth 
embodiment of the present invention; 
Fig. 13 is a flowchart illustrating a sequence of 
operations wherein the active steps of specified 
blocks are stored concurrently with the execu- 
tion of an SFC program according to a fifth 
embodiment of the present invention; 
Fig. 14 is a block diagram illustrating a conven- 
tional PC; 

Fig. 15 is an illustration of a microprogram ROM 
in the conventional PC; 

Fig. 16 is an illustration of an executed step 
storing RAM in the conventional PC; 
Fig. 17 illustrates an example of a conventional 
SFC program; 

Fig. 18 is an illustration of a conventional step 
trace setting screen; 

Fig. 19 is an illustration of a conventional step 
trace display screen; 

Fig. 20 is a flowchart illustrating a sequence of 
operations wherein the active steps of specified 
blocks are stored concurrently with the execu- 
tion of the conventional SFC program; and 
Fig. 21 illustrates an example of a conventional 
SFC program to be traced. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figs. 1 to 6 are illustrations of the SFC opera- 
tion screens of a peripheral device (not shown) of a 
first embodiment of the present invention. As 
shown in Fig. 1, a menu screen 21 is used to 
select a step trace function on the operation 
screen, and a menu screen 22 used to further 
select a step trace setting or a step trace display. 
As shown in Fig. 2, a menu screen 23 can be used 
to select any of various step trace setting programs 
to perform tracing of the steps. 

Figs. 3 to 6 indicate various screens 24-27, 
which can be used to designate a particular type of 
display for the step tracing, and menu items dis- 
played at the bottom of each of the screens shown 
in Figs. 3 to 6 designate functions which can be 
specified by corresponding function keys (not 
shown). As shown in Fig. 7, a step trace display 
screen 28 is displayed when the step trace display 
has been selected. 

The operation of the first embodiment will now 
be described. 

Fig. 8 is a flowchart showing a sequence of 
step trace setting and step trace result display 
operations. In step 100, the sub function menu 
screen 21 is displayed on the SFC operation 



screen of the peripheral device, as illustrated in 
Figs. 1 or 2, by selecting the function key F4. 
When the step trace function is selected in step 
101, the step trace function menu screen 22 is 
5 displayed. Further, when the step trace setting is 
selected in step 102, the step trace setting menu 
screen 23 is displayed. 

When any of the step trace settings is selected 
in step 103, the processing progresses to any of 

io steps 104 to 107, where a corresponding screen, 
which is one of screens 24 to 27 shown in Figs. 3 
to 6, respectively, is displayed, and the corre- 
sponding setting program is executed in any of 
steps 104 to 107. 

is In step 108, when the function key F4 is se- 

lected on any of the step trace setting screens 24 
to 27, execution of the step tracing begins. Further, 
when the function key F1 is selected in step 109 at 
completion of the step tracing, the trace data is 

20 read. Subsequently, in step 110, when the function 
key F2 is selected, the step trace display screen 
28, shown in Fig. 7, is displayed, which allows a 
user to view the execution history of steps in each 
block. Hence, user can check the steps with refer- 

25 ence to a specified trigger step. 

A second embodiment of the present invention 
will now be described. 

Fig. 9 is an illustration of the contents of the 
microprogram RAM 3 of the PC illustrated in the 

30 block diagram of Fig. 14. In Fig. 9, items 31 to 36 
are identical to those of the conventional art. 

Synchronous step trace execution program 37, 
which implements block-to-block synchronization, 
consists of execution programs 371 to 374, each 

35 having individual functions, and is compatible with 
each embodiment of the present invention. In par- 
ticular, synchronous block-to-block step trace ex- 
ecution program 371 implements block-to-block 
synchronization. 

40 As described above, Figs. 1 to 6 are illustra- 

tions of step trace setting screens on which the 
blocks to be traced and the corresponding trigger 
steps are set by the step trace setting program 23 
of the first embodiment. For example, Fig. 3 in- 

45 dicates a synchronous block-to-block step trace 
setting screen 24 by which block-to-block synchro- 
nization is specified in the peripheral device (not 
shown). 

Fig. 10 is a flowchart illustrating a sequence of 
so operations in which the active steps of the speci- 
fied blocks are stored simultaneously with the ex- 
ecution of the SFC program loaded from the pe- 
ripheral device (not shown) to the PC. Steps 200 to 
208 are identical to those performed by the con- 
55 ventional PC. However, during step 209, upon de- 
tection of a trigger step, trigger-time processing of 
synchronized blocks is performed by the synchro- 
nous block-to-block step trace execution program 
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371 to implement block-to-block synchronization. 

Operation of the second embodiment will now 
be described. 

When the synchronous block-to-block step 
trace setting screen 24 is displayed as shown in 
Fig. 3 ( the blocks to be step-traced are displayed 
in the BLOCK section. B1 to B4 indicate blocks 1 
to 4. Since a plurality of blocks can be activated 
concurrently, a plurality of blocks to be traced can 
be set. 

In the TRIGGER STEP section, steps are dis- 
played from which the step traces of the cor- 
responding blocks are referenced. In this example, 
S2 represents step 2. The trigger step is displayed 
only for the block which references the other 
blocks, and is not displayed for the other blocks. 
The triggering of the other blocks is effected by 
this trigger step of the reference block, thus, blocks 
are synchronized. 

After this trigger step has been executed, the 
CPU traces the set number of steps (not shown), 
and the execution history of the preceding and 
succeeding steps in reference to that trigger step 
are traced and displayed by the peripheral device. 
Hence, synchronization of the blocks can be pro- 
vided because the other blocks use the trigger step 
of the reference block as their trigger step. 

Fig. 10 is a flowchart illustrating a sequence of 
operations of an SFC program of the second em- 
bodiment of present invention. 

As shown in step 200, the number of active 
blocks to be processed by the block execution 
program 31 is read. Then, in step 201 , the number 
of active steps to be executed by the active step 
execution program 32 is read. 

Subsequently, the active steps are read and 
executed in step 202. In step 203, it is determined 
whether the step trace status data 41 indicates 
whether the step trace is before a trigger step 
(before-trigger status) or after a trigger step (after- 
trigger status). If the step trace status data 41 
indicates the before-trigger status, the processing 
progresses to step 204 where the trigger step 
detection program 34 determines whether the ex- 
ecuted step is a trigger step. 

However, if the step trace status data indicates 
the after-trigger status, in step 205, the after-trigger 
trace count program 35 counts the number of ex- 
ecuted steps traced after the trigger step. When 
the after-trigger trace count program 35 determines 
that all the executed steps after the trigger step 
have been traced, the step trace of the correspond- 
ing block is completed. 

When, in step 204, the executed step is iden- 
tified as a trigger step, the step trace status data 
41 is changed to the after-trigger status, and the 
then value of the executed step storage pointer 
data 43 is set in the trigger step storage address 



42. Subsequently, in step 206, the executed step 
numbers are stored in the executed step storage 
table 44 in the executed step storage RAM 4 by 
the executed step storage program 36 in coopera- 

5 tion with the executed step storage pointer 43. 

In step 207, it is determined if all the steps of 
the block have been executed. If not, the process- 
ing returns to step 202, and the above processing 
is repeated for the next step in the block. If, how- 

10 ever, in step 207, it is determined that all the steps 
in a block are completed, the processing proceeds 
to step 209. 

In step 209, if the executed step is detected to 
be a trigger step in step 204 after all the active 

75 steps in the blocks have been executed, the step 
trace status data 41 "is changed to the after-trigger 
status, and the executed step storage pointer data 
43 is set to the trigger step storage address data 
42 by the synchronous block-to-block step trace 

20 execution program 371 for the synchronization- 
specified blocks specified on the synchronous 
block-to-block step trace setting screen 24. If the 
executed step is not detected to be a trigger step, 
no processing occurs in step 209. In any event, the 

25 processing proceeds from step 209 to step 208. 

In step 208, it is determined whether all blocks 
are completed. If so, the processing ends. How- 
ever, if all blocks are not completed, the process- 
ing returns to step 201 and is repeated for the next 

30 block. 

This completes the trigger-time processing for 
the synchronization-specified blocks. 

A third embodiment of the present invention 
will now be described. 

35 In Fig. 9, items 31 to 36 are identical to those 

of the conventional art and will not be described 
here. As described above, synchronous step trace 
execution program 37 implements the synchroniza- 
tion of blocks, and includes synchronous group 

40 step trace execution program 372 which imple- 
ments group synchronization. 

As shown in Fig. 4, the peripheral device (not 
shown) displays synchronous group step trace set- 
ting screen 25 on which group synchronization is 

45 specified. In Fig. 11, steps 200 to 208 are identical 
to those of the conventional art. However, in step 
210, upon detection in step 204 that the executed 
step is a trigger step, trigger-time processing of 
synchronized blocks is performed by the synchro- 

so nous group step trace execution program 372 to 
implement synchronization of the blocks. 

The operation of the third embodiment will now 
be described. 

By specifying the grouping of the blocks to be 

55 synchronized on the synchronous group step trace 
setting screen shown in Fig. 4, in addition to the 
setting of the synchronous block-to-block step 
trace setting screen of the first embodiment, rel- 
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evant blocks can be grouped. 

After the trigger steps have been executed, the 
CPU traces the set number of steps (not shown) 
and the execution history of the preceding and 
succeeding steps in reference to the trigger steps 
can be traced and displayed by the peripheral 
device. Since the other blocks in the same groups 
use the trigger step of the reference block as their 
trigger step, blocks in the same group can be 
synchronized with each other. 

In the flowchart shown in Fig. 11, processing 
from steps 200 to 208 occurs identically to that of 
the first embodiment described above. However, in 
step 210, if the executed step is detected as a 
trigger step in step 204 after all the active steps in 
the blocks have been executed, the step trace 
status data 41 is changed to the after-trigger status, 
and the value of the executed step storage pointer 
43 is set to the trigger step storage address 42 by 
the synchronous group step trace execution pro- 
gram 372 for all the synchronization-specified 
blocks of the same groups specified on the syn- 
chronous group step trace setting screen 25. This 
completes the trigger-time processing for the syn- 
chronization-specified blocks. 

A fourth embodiment of the present invention 
will now be described. 

As described above, in Fig. 9, items 31 to 36 
are identical to those of the conventional art, and 
synchronous step trace execution program 37 im- 
plements the synchronization of blocks, and in- 
cludes joint trigger step trace execution program 
373 which implements a joint trigger. As shown in 
Fig. 5, the peripheral device (not shown) displays a 
joint trigger step trace setting screen 26 on which a 
joint trigger step is specified. 

In the flowchart of Fig. 12, as in the previous 
embodiments, steps 200 to 208 are identical to 
those of the conventional art. However, in step 211, 
the trigger-time processing of synchronized blocks 
on detection of a trigger is performed by the joint 
trigger step trace execution program 373 to imple- 
ment a joint trigger step. 

The operation of this fourth embodiment will 
now be described. 

On the joint trigger step trace setting screen 
shown in Fig. 5, the trigger steps are set to the 
blocks in the groups in the setting of the synchro- 
nous group step trace setting screen as in the 
second embodiment. When the trigger steps in any 
of the blocks in the groups are executed, the other 
blocks in the groups are triggered jointly therewith 
to provide synchronization of the blocks. 

After the trigger steps have been executed, the 
CPU traces the set number of steps (not shown) 
and the execution history of the preceding and 
succeeding steps in reference to said trigger steps 
can be traced and displayed by the peripheral 



device. Since the other blocks in the same groups 
use the trigger steps of the reference blocks as 
their trigger steps, the blocks in the same groups 
can be synchronized with each other. 
5 Accordingly, processing from steps 200 to 208 

in the flowchart shown in Fig. 12 is identical to that 
in the second embodiment. However, in step 211, if 
the executed step is detected to be a trigger step 
in step 204 after all the active steps in the blocks 
10 have been executed, the step trace status data 41 
is changed to the after-trigger status, and the value 
of the executed step storage pointer 43 is also set 
to the trigger step storage address 42 by the joint 
trigger step trace execution program 373 for all the 
rs synchronization-specified blocks in the group 
specified on the joint trigger step trace setting 
screen 26. This completes the trigger-time pro- 
cessing for the synchronization-specified blocks. 
A fifth embodiment of the present invention will 
20 now be described. 

As in the previous embodiments, items 31 to 
36 in Fig. 9 are identical to those of the conven- 
tional art, and synchronous step trace execution 
program 37 implements the synchronization of 
25 blocks. The synchronous step trace execution pro- 
gram 37 includes master/slave block joint activation 
step trace execution program 374 which imple- 
ments master/slave block joint activation. 

As shown in Fig. 6, the peripheral device (not 
30 shown) displays a master/slave block joint activa- 
tion step trace setting screen 27 on which mas- 
ter/slave block joint activation is specified. 

Steps 200 to 206 in the flowchart shown in Fig. 
13 are identical to those of the conventional art. 
35 However, in step 212, sub blocks are defined as 
blocks to be traced by the master/slave block joint 
activation step trace execution program 374 when 
the master/slave joint activation-specified blocks 
have activated the sub blocks to implement mas- 
40 ter/slave block joint activation. Further, in step 213, 
trigger-time processing of synchronized blocks 
upon detection of a trigger step is performed. 

It should be noted that when the blocks have 
activated the sub blocks, the activation source 
45 blocks are referred to as the master blocks and the 
activation destination sub blocks as the slave 
blocks. 

The operation of the fifth embodiment will now 
be described. 

so On the master/slave block joint activation step 

trace setting screen shown in Fig. 6, the trigger 
steps are set only in the master blocks and thus, 
master/slave block joint activation is specified with- 
out the slave blocks being set. This allows the sub 

55 blocks activated to be automatically synchronized 
to execute the step trace. 

After the trigger steps have been executed, the 
CPU traces the set number of steps (not shown), 
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and the execution history of the preceding and 
succeeding steps in reference to said trigger steps 
can be traced and displayed by the peripheral 
device. Since the slave blocks use as their trigger 
step the trigger step of the master block, the mas- 
ter and slave blocks can be synchronized with 
each other. 

Processing from steps 200 to 208 in the 
flowchart shown in Fig. 13 is identical to that in the 
first embodiment. However, in step 212, if the block 
activation steps are executed in step 202 after all 
the active steps in the blocks have been executed, 
the activation destination slave blocks are defined 
as the blocks to be traced by the master/slave joint 
activation step trace execution means program in 
accordance with the master/slave block joint activa- 
tion designation on the master/slave block joint 
activation step trace setting screen 27. Subse- 
quently, in step 213, if the executed step is deter- 
mined in step 204 to be a trigger step, the step 
trace status data 41 is changed to the after-trigger 
status and the then value of the executed step 
storage pointer data 43 is set to the trigger step 
storage address 42 for the slave blocks. This com- 
pletes the trigger-time processing for the synchro- 
nization-specified blocks. 

It is apparent, from the above embodiments, 
that the present invention provides an SFC pro- 
gram execution method for a programmable con- 
troller comprising the steps of displaying a step 
trace menu including at least one step trace menu 
item identifying a manner in which a history of the 
active step execution statuses of a plurality of 
blocks is traced, selecting one of the step trace 
menu items, creating step trace data based on the 
selected step trace menu item, and displaying the 
step trace data in the manner indicated by the 
selected step trace menu item to allow the execu- 
tion history of steps in each block to be checked in 
reference to a specified trigger step. 

Although only a few exemplary embodiments 
of this invention have been described in detail 
above, those skilled in the art will readily appre- 
ciate that many modifications are possible in the 
exemplary embodiments without materially depart- 
ing from the novel teachings and advantages of 
this invention. Accordingly, all such modifications 
are intended to be included within the scope of this 
invention as defined in the following claims. 

Claims 

1. A programmable controller for executing an 
SFC program and displaying a history of ex- 
ecution statuses of active steps of at least one 
block of an SFC program, comprising: 
first means (24-27) for tracing a history of 
execution statuses of active steps of a speci- 



fied number of said blocks during execution of 
said SFC program; and 

second means (37) for creating step trace data 
based on said execution statuses of said steps 
5 traced by said step trace setting means (24- 

27). 

2. A programmable controller as claimed in claim 
1 , wherein: 

70 said first means (24-27) includes step trace 

setting means comprising synchronous block- 
to-block step trace setting means (24) for syn- 
chronously tracing execution statuses of said 
active steps of said specified number of said 

75 plurality of blocks (B) when a trigger step (S) 

of a predetermined block is executed; and 
said second means (37) includes step trace 
execution means comprising synchronous 
block-to-block step trace execution means 

20 (371) for synchronously creating said step 

trace data based on said execution statuses of 
said steps traced by said block-to-block step 
trace setting means (24). 

25 3. A programmable controller as claimed in claim 
1 or 2, wherein: 

said first means (24-27) includes step trace 
setting means comprising synchronous group 
step trace setting means (25) for grouping 
30 blocks (B) to be synchronized, setting a trigger 

step (S) for each group, and tracing said active 
steps of said blocks synchronously for each of 
said groups (B) when said trigger step is ex- 
ecuted; and 

35 said second means (37) includes step trace 

execution means comprising synchronous 
group step trace execution means (372) for 
synchronously creating said step trace data 
based on said execution statuses of said steps 

40 traced by said step trace setting means (25). 

4. A programmable controller as claimed in claim 
1 , 2 or 3, wherein: 

said first means (24, 27) includes step trace 
45 setting means comprising joint trigger step 

trace setting means (26) for setting trigger 
steps in certain of said plurality of blocks (B) to 
be synchronized and tracing execution 
statuses of said steps (S) of other said blocks 
so after at least one of said trigger steps is ex- 

ecuted; and 

said second means (37) includes step trace 
execution means comprising joint trigger step 
trace execution means (373) for creating said 
55 step trace data based on said execution 

statuses of said steps traced by said joint 
trigger step trace setting means (26). 
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A programmable controller as claimed in one 

of the claims 1 to 4, 

wherein: 

said first means (24-27) includes step trace 
setting means comprising master/slave block 5 
joint activation step trace setting means (27) 
for identifying one of said blocks (B) as a 
master block and at least one other block (B) 
as a slave block, setting a trigger step in said 
master block, and automatically synchronously 10 
tracing said slave blocks when said trigger 
step is executed; and 

said second means (37) includes step trace 
execution means comprising master/slave 
block joint activation step trace execution 75 
means (374) for creating said step trace data 
based on said execution statuses of said steps 
traced by said master/slave block joint activa- 
tion step trace setting means (27). 

20 

A programmable controller of one of the pre- 
ceding claims, further comprising step trace 
display means (28) for displaying said step 
trace data. 

25 

A programmable controller for executing an 
SFC program, wherein a history of active step 
execution statuses of a plurality of blocks is 
stored and traced during execution of said 
SFC program, comprising: 30 
means (21) for displaying a step trace menu 
including at least one step trace menu item 
(22) indicating a manner in which said history 
is to be traced; 

means (23) for selecting one of said step trace 35 
menu items (22); 

means (37) for creating step trace data of 
traces of said active steps based on said se- 
lected step trace menu item; and 
means (28) for displaying said step trace data ao 
in a manner indicated by said selected step 
trace menu item. 

An SFC program execution method for a prog- 
rammable controller which executes an SFC 45 
program, 

wherein a history of active step execution 
statuses of a plurality of blocks is stored and 
traced during execution of said SFC program, 
comprising the steps of: 50 
displaying a step trace menu including at least 
one step trace menu item indicating a manner 
in which said history is to be traced; 
selecting one of said step trace menu items; 
and 55 
displaying data of traces of said active steps in 
a manner indicated by said selected step trace 
menu item. 



9. An SFC program execution method for a prog- 
rammable controller for displaying a history of 
execution statuses of active steps of a plurality 
of blocks of an SFC program during execution 
of said SFC program, comprising the steps of: 
synchronously tracing execution statuses of 
said active steps for a specified number of 
said plurality of blocks; and 

creating step trace data based on said execu- 
tion statuses of said traced steps. 

10. A method as claimed in claim 9, 
wherein: 

said tracing step synchronously traces said 
execution statuses of said active steps of said 
plurality of blocks when a trigger step of a 
predetermined one of said blocks is executed; 
and 

said creating step synchronously creates said 
step trace data based on said execution 
statuses of said traced steps. 

11. A method as claimed in claim 9, wherein: 

said tracing step further comprises the steps 
of: 

grouping blocks to be synchronized; 

setting a trigger step for each group; and 

tracing said active steps of said blocks 
synchronously for each of said groups when 
said trigger step is executed; and 

said creating step synchronously creates 
said step trace data based on said execution 
statuses of said traced steps. 

12. A method as claimed in claim 9, wherein: 

said tracing step further comprises the step of 
setting trigger steps in certain of said plurality 
of blocks to be synchronized, and traces ex- 
ecution statuses of said steps of other said 
blocks after at least one of said trigger steps is 
executed; and 

said creating step creates said step trace data 
based on said execution statuses of said steps 
traced after said at least one of said joint 
trigger steps is executed. 

13. A method as claimed in claim 9, wherein: 

said tracing step further comprises the steps 
of: 

identifying one of said blocks as a master 
block and at least one of said blocks as a 
slave block; and 

identifying a trigger step in said master block; 
and 

said tracing step automatically synchronously 
traces active steps in said slave blocks when 
said trigger step is executed; and 
said creating step creates trace data based on 
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said execution statuses of said traced steps of 
said slave blocks. 

14. A method of one of the claims 9 to 13, further 

comprising the step of displaying said step 5 
trace data. 
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